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Description 

The present invention relates to the preparation of infection-resistant materials for use on or within a 
human or animal body and more particularly to an improved method of prepanng infection-resistant mate- 

5 rials wherein antimicrobial agents, and preferably metal salts of antimicrobial agents, are incorporated 
directly into various polymeric materials, including hydrophobic polymeric materials. 

Infection is a common complication occasioned from any injury, surgical procedure, or introduction of 
foreign material, such as a prosthetic device, into a human or animal body. Various techniques and means 
for alleviating infection, such as topical application of antibiotics, systemic administration of antibiotics, and 

10 maintenance of sterility of the operating surroundings, instruments, bandages, etc., are in common use. 
However, these techniques have not been partlcuiariy effective in preventing infection associated with in- 
dwelling, or surgically implanted, devices intended to remain in the body, or in direct contact with the body, 
for an extended period of time. 

Prior patent applications for United States Letters Patent, now US-A-456 3485 and US-A-458 1028 

IS assigned to the assignee hereof, discuss at length the problenrts associated with InKfwellIng and surgically 
implanted devices wherein long-term infection preventive ability Is desired. The aforementioned appli- 
cations for letters patent are hereby cross-referenced and their entire disclosures are incorporated herein 
by reference. Briefly, the referenced patent applications are directed to the incorporation of metal salts of 
sulfonamides or nalidixic add derivatives and metal salts of nalidixic acid derivatives into natural or synthetic 

20 polymeric materials by treating the polymeric materials with an aqueous solution or suspension of the anti- 
microbial agent In order to provide adequate absorption or adherence of the antimicrobial agent within the 
polymeric materials, they are preliminariiy treated or coated wi^ gelatin or albumin or a surfactant, such as 
tridodecylmethyl ammonium chloride. The materials created by the incorporation of the above referenced 
antimicrobial agents are Ideally suited for body-invasive uses such as vascular grafts, heart valves, bone 

25 and joint replacements, etc. 

Prevention of infection in vascular reconstructive surgery, in particular, has been the subject of much 
study in view of the high mortality rate, or catastrophic effects, should infection occur. Typically, systemic 
antibiotics are administered and the graft site is locally irrigated with an antibiotic solution. The graft is also 
soaked in an aqueous solution of an antibiotic immediately prior to implantation. However, these techniques 

30 have not proven to be completely effective due to the brief residence of antibacterial agents at the implan- 
tation site. Moreover, due to the ineffectiveness of known techniques, use of prosthetic grafts in contami- 
nated wounds of trauma victims Is interdicted due to lack of anti-bacterial action at the graft site. 
Incorporation of antibiotics in the graft material, as discussed above, would yield a higher concenb-ation of 
antibiotic agent at the graft site and would permit slow release of the agent to provide a prolonged concen- 

35 tration of antibiotic at the graft site. 

The common practice in the prior art is to bond the antibiotic to a coating on, for example, Dacron® 
poly-ester or polytetrafluoroethylene (Teflon®) graft materials. Known coatings Include gelatin, albumin, 
graphite-benzalkonium chloride and cationic surfactants such as tridodec^methylammonium chloride 
(TDMAC). In fact, it was heretofore believed that it was necessary to coat the hydrophobic materials (e.g., 

40 PTFE) in order to bond an antibacterial agent thereto. 

The coatings, such as TDMAC, present a catbnic surface which bonds the anionic antibiotic. The anti- 
biotic is, nevertheless, rapidly dissipated in the body fluids. A certain amount of antibiotic, however, does 
remain in the coating until the coating dissipates from the substrate material. Adverse effects, such as 
toxicity and thrombogenesis, are possible. In particular, tiie cationic coating which is present after the 

45 anionic antibiotic has been absorbed into the body may be thrombogenic. A further disadvantage of the 
coated grafts is that they are inconvenient to use. The manufacturers of such grafts provide them with the 
coating, but not with the antibiotic. Thus, the grafts must be soaked in an aqueous antibiotic solution at the 
operating table. 

It is therefore the principal object of the present invention to provide an improved metiiod for incorporat- 
50 ing significant amounts of antimicrobial agents into polymeric materials without the necessity of preliminarily 
coating the polymeric materials with a earner or a surfactant and for obtaining products having long-lasting 
antimicrobial effects and biphasic release of the antimicrobial agents. 

In accordance with the present invention, there is provided a method for preparing an infection-resistant 
polymeric material for use on or within a human or animal body which comprises the following sequence 
55 of steps : 

(a) soaking a polymeric material witii a solution of an antimicrobial agent dissolved in an organic solvent 
therefor, 

(b) soaking the polymeric material with an organic solvent for a metal salt, which metal soh^ent, if pre- 
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sent, reacts with the antimicrobial agent to fonm a metakmediated antimicrobial agent, 

(c) resoaking the polymeric material with the solution of the antimicrobial agent dissolved In the organic 
solvent therefor, and 

(d) drying the polymeric material after each soaking step. 

5 Preferably, In the Intenmediate soaking step (b) the organic solvent contains a metal salt dissoh^ed the- 

rein. 

The intenmediate soaking step (b) of the method of the present invention is particularly important Thus, 
it was found that the amount of antimiaobial agent which could be incorporated into the polymeric material 
could not be increased merely by repeatedly or successively soaking the polymeric material with the solution 

10 of the antimicrobial agent dissolved in the organic sokent On the other hand, it was found quite unexpec- 
tedly that the anriount of antimicrobial agent which can be incorporated into tiie polymeric material can be 
appreciably Increased by means of the intenmediate soaking step (b). It is believed that the intenmediate 
soaking step (b) activates the surface of the previously soaked polymeric material so that It is then receptive 
to the incorporation of additional antimicrobial agent by resoaking the polymeric material with the solution 

IS of the antimicrobial agent dissolved in the organic solvent Moreover, the intenmediate soaking step (b) ser- 
ves as a means of converting in sihj ttie antimicrobial agent soaked into the polymeric material into a metal 
salt tiiereof, such as a silver salt thereof, which has longer lasting antimicrobial activity and biphasic release 
characteristics, l.e., the antimio-obial agent is released from tiie polymeric material rapidly at first and then 
followed by a slow, steady release over a prolonged period. 

20 In the above-described method of tiie present invention, the polymeric nnaterials can be natural 
polymeric materials or synthetic polymeric materials, including homopolymers and copolymers. Examples 
of suitable polymeric materials include polyamide, polyester, polyethylene, polypropylene, polystyrene, 
polytetrafluoroethytene, polyurethane, polyvinylchioride, cellulose acetate, silicone elastomers, collagen, 
silk. 

25 The polymeric materials can be knit or woven fabrics, single or plural filaments, laminates, extruded or 
molded items, useable on or within a human or animal body, such as wound dressings, vascular grafts, 
catheters, sutures, skin buttons, synthetic heart valves, feminine hygiene products, cannulas, pacemakers. 

Any antimicrobial agent which is compatible with a human or animal body can be used in the method 
of the present invention. Representative antimicrobial agents include norfloxacin, oxacillin, nafdilln, sul- 

30 fadiazine, pefloxacin, tobramycin, piromidic acid, pipemidic add, enoxacin, AM-d33, and cephalosporins, 
such as cefmenoxime, moxalactam, cefazolin, cefamandole. 

Any organic solvent which solubilizes the antimicrobial agent can be used in the soaking and resoaking 
of the polymeric material with the antimicrobial agent solution. Typical suitable organic soh^ents indude ace- 
tic add, chloroform, ethanol, acetone, ether. 

3S The organic solvent used in tiie intemr^ediate soaking step (b) is one capable of sdubillzing the metal 
salt Ethanol is typical of such useable organic solvents. 

Metal salts useable in the Intenmediate soaking step (b) in the preferred embodinnent of the invention 
Include sliver nitrate, zinc nitrate, cerium chloride, and the like. As noted above, these metal salts, react 
with the antimicrobial agent in the soaked polymeric material to provide In situ metal-mediated antimicrobial 

40 agents having long-lasting antimicrobial activity in the infectbn-resistant polymeric material products 
obtained by the method of the present invention, which products have the property of biphasic release of 
the antimicrobial agent theretom. 

Concentrations of the soaking solutions, soaking times, drying techniques and drying periods are not 
important features of the method of the present invention. Representative examples of such operating con- 

45 ditions are set forth in tiie Examples and Experiments hereinafter which are Illustrative of the improved 
method of the present invention and tiie results obtained thereby. 

Example 1 

so A polytetrafluoroethylene (PTFE) vascular graft (Gore-Tex, Registered Trade Mark) supplied by W.L 
Gore and Assodates, Inc., Maryland, was rendered infection-resistant by the following method : A 10 cm 
segment of a 5 mm diameter graft was soaked in a first solutbn containing 30 mM of norfloxacin for 5 
minutes. The norfioxadn sdution was prepared by dissolving tiie norfloxadn in acetic acid and then diluting 
the acetic add with chloroform to a 1 : 25 proportional mixture by volume. The norftoxacin-treated graft was 

55 then air dried. After drying, the graft was soaked In a second 25 mM ethanol ic solution of sOver nitrate for 
5 minutes. The graft was air dried, preferably In the dark, and was resoaked In tiie first norfioxacin-containing 
sdution for another 5 minutes. The graft was again air dried to remove all traces of soh^ent, washed with 
dtetilled, deionized water to remove unt)0und norfloxacin from the surface, and dried in a vacuum desiccator. 
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The end result was a PTFE vascular graft into which silver norfloxacin was incorporated. 

The above procedure was repeated, but oxadltin, nafdllin and pefloxacin were separately substituted 
for the norfloxacin to provide PTFE grafts into which the silver ^ts of these three other antinrtlcroblal agents 
were Incorporated. 

5 The treated grafts were stored In the dark in a refrigerator until ready for use. Prior to in vrvo use, the 
grafts may be sterilized with ethylene oxide in a manner well known to those of skill in the art 

Example 2 

10 The procedure of example 1 was followed using separately norfloxacin, oxaciilin, nafcillln, pefloxacin 
and tobramycin as the antimicrobial agent but with the exception that the second or intermediate soaking 
solution was ethanol alone (i.e., there was no silver nitrate dissolved therein). The end result was In each 
case a PTFE vascular graft into which only the antimicrobial agent rather than the sih^er salt thereof, was 
incorporated. 

15 All solutions in the above described Examples 1 and 2 were at room temperature (dr^'C). As pointed 
out previously, temperature and tinne of soaking are not critical, and can be modified for different organic 
solvent systems by those skilled in the art Moreover, it should be noted that the mdar concentrations of 
antimicrobial agent and metal salt are given for the purpose of Olustration, and can also be varied by tiiose 
skilled in the art because Oiey are greatiy in excess of the therapeutically effet^ve anrtount It Is the ability 

20 to incorporate such a high concentration of antimicrobial agent at tiie potential site of infection that is a sig- 
nificant advantage of ttie present invention over the prior art 

Example 3 

25 A PTFE vascular graft of the same type as In Example 1 was incorporated with silver sulfadiazine by 
the following technique : A 10 cm segment of tiie graft was soaked in a 30 mM solution of sodium sul- 
fediazine at 37''C for 5 minutes. The sodium sulfadiazine solution was prepared by dissolving the sodium 
sulfadiazine In a minimal amount of water, and then mbcing in a mbcture of ethanol and chloroform In a 4 : 
1 proportional mixture by volume. The sulfadiazine-treated graft was air dried and soaked In a 25mM 

30 ethanolic solution of silver nitrate for 5 minutes at 37°C. 

The graft was air dried, resoaked in the sodium sulfadiazine solution, air dried, washed, redried, and 
stored in the same manner as described above in Example 1. The end result was a PTFE vascular graft 
into which silver sulfadiazine was incorporated. 

35 Example 4 

In another embodiment in tiie second or Intemnediate soaking step of Example 3 the ethanol did not 
contain silver nitrate. The end result was a PTFE vascular graft Into which only the sulfadiazine, ratiter than 
tiie silver salt thereof, was incorporated. 

40 

Example 5 

A Dacron0 polyester vascular graft supplied by C.R. Bard, Inc., Implants Division, Blllerica, MA, was 
incorporated with either silver norfloxadn or with oxacillin in accordance with the techniques set forth in 
45 Examples 1 or 2, respectively. 

Example 6 

The procedure for bonding an antibiotic to Dacron polyester grafts is simOar to that described for PTFE 
so grafts. However, a slight modification of the procedure did improve the efficacy of the graft Unlike PTFE 
grafts, Dacron polyester grafts tend to bleed through the small apertures between the knitted or woven 
threads. This can be reduced, if the graft is prepared by the modified method which is as follows. The graft 
Is soaked In the first antibiotic solution and then soaked In the intermediate ethanolic solution. The third soak- 
ing is done In the original antibiotic solution containing a small amount of polylactic acid, e.g., 5% by weight 
55 This permits formation of an antibiotic film around the graft 
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Experimental results 

(A) TTie efficacy of bonding norfloxacin and oxacillin and the sO ver salts thereof to a PTFE vascular graft 
by prior art techniques, and by the procedure of the present invention, is shown below in Table I by the con- 
centration of the antimicrobial agent incorporated on the PTFE sample and the antimicrobial activity of the 
sample in a blood culture. 

PTFE vascular graft samples were prepared by the bonding procedures of Examples 1 and 2 
hereinabove. In the Table I, "DIRECT" means that the sample was treated by the procedure of Example 2 
and "DIRECT + SILVER' means that the sample was treated by the procedure of Example 1. 

For purposes of comparison, tridodecylmethyl amnionium chloride (TDMAC) coated PTFE samples 
were prepared by soaking segments of PTFE vascular grafts in a 5% ethanolic solution of TDMAC for 1 
hour at room temperature. The TDMAC-treated grafts were air dried for about 5 minutes and then soaked 
in an aqueous solution of the referenced antimicrobial agent TDMAC SILVER" indicates that the anti- 
microbial-treated TDMAC samples were further soaked in an aqueous solution of silver nitrate. 

For further purposes of comparison, PTFE graft specimens were incorporated with "Sih^er Alone" by 
soaking a PTFE sample or a TDMAC-coated PTFE sample in an ethanolic solution of silver nitrate. 
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The drug in the graft was extracted for the measurement by soaking in 1 : 1 proportional mixture of 
ethano! and normal saline containing 10 mM sodium hydroxide. The drug concentration on 2 cm segments 
of the treated PTFE graft specimens was measured spectrophotometricaliy at wavelengths of 273 nm for 
norfloxacin and 195 nm for oxacillin. The concentrations of antimiaobia! agent, shown in Table I, are not 
5 absolute due to the method of measurement, but the relath^e uptake of the antim!ax)bial agents onto the 
graft is still shown. 

To measure the antimicrobial activity of the treated PTFE graft specimens, under simulated in wvo con- 
ditions, a 2 cm segment of each specimen was soaked for 24 to 48 hours In 5 ml of human blood which 
was innoculated with 10^ Staphylococcus aureus organisms (a dinical isolate from the Columbia-Presbyte- 
10 rian Hospital in New York City which Is coagulase positive and penicillin resistant). Due to the interference 
of blood, at the appropriate wavelengths, the spectrophotometric concentration of the antimicrobial agent, 
after soaking, could not be measured. The antibacterial activity of the graft segntents was measured by 
spreading aiiquots of the human blood Oilture on blood agar plates and perfonming a colony count after a 
24 hour incubation. 

IS Table I shows tiiat the DIRECT bonding technique caused the graft segment to bind a higher concen- 
tration of norfloxacin than the TDMAC technique, A higher concentration of oxacillin, on the other hand, was 
bound by tine TDMAC method than by the DIRECT bonding technique. The highest concentration of bonded 
norfloxacin and oxacillin, however, was produced by the silver-mediated bonding (DIRECT + SILVER) whe- 
rein the silver-antimicrobial agent was fonmed in situ. It is interesting to note that the amount of antimicrobial 

20 agent bonded to the TDMAC-coated grafts was not increased by the siWer-mediated bonding (TDMAC ver- 
sus TDMAC + SILVER). 

It is also significant to note that other experiments showed that repeated or successive soaking of the 
graft specimens with a higher antimicrobal agent concentration or wth longer soaking times, while omitting 
the Intermediate step of soaking the graft specimens with an organic solvent, did not increase the amount 

25 of antimicrobial agent uptake. However, the step of repeating the soaking In the first antimicrobial agent- 
containing solution, after intermediate soaking in the organic solvent (witti or wittiout a metal salt dissolved 
therein) did cause an increase in the amount of antimicrobial agent bound to the graft. This shov^ the import- 
ance of the intermediate soaking step which is believed to activate the surface of the graft specimen so as 
to accept more antimicrobial agent 

30 (B) Since the silver-mediated bonding increased the uptake of antimicrobial agent, the effects of other 
metals wero investigated and the results are shown below in Table II. 

Uncoated PTFE vascular graft specimens were prepared according to tiie procedures of Examples 1 
and 3 with norfloxacin, oxacillin, nafciliin and sulfadiazine, respectively, as the antimicrobial agent in tine 
first soaking solution. For comparative purposes, silver nitrate, bivalent zinc nitrate, and trivalent cerium 

35 chloride were used as the metal salts in the second or intermediate soaking solution. In Table It "None' indi- 
cates that the second or intermediate soaking solution contained only ethanol and no metal salt per pro- 
cedures of Examples 2 and 4. 
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Radioactive silver (^^^^AgNOa), zinc (^Zn(N03)2), and cerium {^^ceO\^ were used in the Iwnding pro- 
cedure. The antimicrobial agent in a 2 an segment of each PTFE graft specimen was extracted in a 1 : 1 
proportional mixture of ethanol and normal saline containing 10 mM sodium hydroxide. The concentration 
of the antimicrobial agents - norfloxacin, oxacillin, nafcQlin and sulfadiazine - were measured 
5 spectrophotometrically at wavelengths of 273 nm, 195 nm, 239 nm and 260 nm, respectively. As discussed 
above, the concentration of antimicrobial agent in the bioodsoaked graft specimens could not be measured 
spectrophotometricaiiy. 

The antibacterial activity, under simulated in vivo conditions, was detenmined by the same procedure 
as described above in connection with the experiment of Table 1. In this particular experiment, antibacterial 
10 activity was tested in human blood cultures which were inoculated with 1 0^ and 1 0^ organisms, respectively, 
of Staph, aureus. 

The data in Table II, like thatin Table I, show that the metal-mediated bonding of the antimicrobial agents 
to the PTFE graft specimen increased the drug concentration therein. Reference to Table II also shows that 
there may be a relationship between the amount of norfloxacin bound and the valence state of the metal ; 

15 the trivalent cerium binding the highest amount of noriloxacin. However, in the cases of the other antimi- 
crobial agents tested, the amount of antimicrobial agent bound did not vary significantly with the metal used. 
This could be due to the fact that, unlike the metal salts of norfloxacin, the zinc and cerium salts of oxadllln. 
nafcillin and sul^dlazlne, are more soluble in the organic solvents used in the bonding procedure, and there- 
fore, may have been diffused out of the PTFE graft specimen during the bonding procedure. 

20 (C) The relath^e stability of the various antimicrobial agent and metal-antimicrobial agent complexes, 
bonded to the PTFE vascular graft specimens prepared In connection with the experiment of Table II, in 
the presence of (1) nonmal saline and (2) blood, was determined. The results are shown on Table III. Seg- 
ments of the treated PTFE graft specimen (2 cm in length) were irrigated by forcing 40 ml of nonmal saline, 
or 40 ml of human blood, through the graft segment with a syringe. The antimicrobial agent concenb^tion 

25 levels and antibacterial activity were measured by the same techniques described above in connection with 
Table I. The sulfadiazine grafts were active only against 10* Staph, aureus, whereas alt of the other grafts 
were active against 10^ Staph, aureus. 
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As can be seen from the data in Table III above, saline inigation caused loss of antimicrobial agent in 
the norfloxacin-treated grafts, in-espectrve of whether the norfloxacin was bonded with, or without the metal. 
However, the metal-norfloxacin treated graft specimens retained a higher level of norfloxacin. While the vari- 
ous metals bound different amounts of norfloxacin initially, approximately identical amounts of norfloxacin 
5 were retained after saline irrigation. 

Thus it appears that the metals Induce both a stable and a labQe binding of the norfloxacin. This diffe- 
rential binding pattem is desirable, since the metal norfloxacin complex, which dissociates rapidly, can pro- 
vide an Increased local concentration, while the tightly bound part may permit a steady, prolonged drug 
release at the graft site. 

10 With respect to the other antimicrobial agents tested, silver-treated specimens retained a higher amount 

of antimicrobial agent upon saline Irrigation than specimens treated without the metal, and indeed, retained 
the highest concentration of antimicrobial agent among the various metals. It appears that tiie use of other 
metals, such as zinc and cerium, may Increase the uptake of antimicrobial agent into the polymeric material 
(PTFE) as shown in Tables II and 111, but does not increase the retention of antimicrobial agent in the pre- 
ys sence of nonmal saline A possible explanation for this may be that the metalantimlcrobiat agent complexes 
of zinc and cerium are more soluble fn body fluids than Is the silver complex. 

(D) In regard to table IV below, long-tenm stability of the treated PTFE vascular graft samples under in 
vivo conditions, where the graft is constantiy exposed to circulating biood, was simulated by soaking a 1 
cm segment of each of the various treated graft samples in 5 ml of human blood, which was agitated in a 
20 Z7''0 water-bath shaker over a period of 10 days. The blood was changed daily. The antibacterial activity 
of tiie graft samples, at various time Intervals, was tested by incubating the samples in nutrient broth culture 
containing 1 0^ Staph, aureus organisms for 24-48 hours. Aliquots of the nutrient broth culture were spread 
on blood agar plates, and a colony count was taken after 24 hours of incubation. 
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The results in Table IV above Indicate that metalmediated bonding is more efTective in prolonging the 
antibacterial activity of the treated graft spedmens. 

(E) An in vivo test was performed to show the antimicrobial agent retention and antibacterial activity of 
Dacron<& polyester vascular graft specimens retrieved after implantation In dogs. Radioactive silver 
5 norfloxacin ("*»AgNF) was bound to segments of Dacron® grafts by incorporation ttierein from an aqueous 
solvent, by incorporation therein from an organic solvent as described hereinabove In Example 5, with the 
aid of a TDMAC coating, and witii the aid of an albumin coating. 

Rve grafts of each type were Implanted in the canine infirarenal aorta and retrieved 20 minutes after 
dedamping and 1 0 minutes after graft pore bleeding had ceased. The fraction of antimicrobial agent rematn- 
10 ing in the graft (1 cm segment) was determined by standard radiotracer techniques. Antibacterial activity 
was determined, in the same fashion as in the prior experiments, using a 1 : 1 proportional mixture of nutrient 
broth and blood containing 10^ Staph, aureus organisms. The results are shown below in Table V. 
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These results in Table V above show that silver norfloxacin has a high degree of retention by uncoated 
Daemon® polyester graft when the organic solvent technique of the present Invention is applied. Moreover, 
the treated grafts were able to suppress bacterial growth even in canine blood circulation. While the inrtia! 
concentration of the antimicrobial agent in the Dacron® polyester graft samples bound by the novel organic 
5 solvent technique herein described was not quite as high as that bound with TDMAC coating technique, 
nevertheless the antibacterial activity of the graft was still retained. 

(F) A further in vivo test was perfomned to show the long-tenm stability and antibacterial activity of b-eated 
Dacron polyester vascular graft specimens rebieved one week after implantation in dogs. 

1 cm segments of Dacron® polyester vascular grafts were Implanted in the abdominal aorta of three 
10 dogs and challenged with 0.5 x 1 0^ Staph, aureus. After one week, the grafts were retrieved and the number 
of bacterid in the grafts was determined as hereinabove. The results are shown below In Table VI wherein 
the control graft did not contain an antimicrobial agent and the oxacill In-treated and silver norfloxacin-treated 
grafts were prepared in accordance with the bonding procedure of Example 5. 

15 

1?\3I£ VI 

No. of Bacterid in Graft after Retrieval 

Tv'pe of Graft Doc 1 • Poc 2 ppc 3 

Control 100,000 1,000,000 10,000 

ttcaciUin 60 62 84 

25 Silver KorflOKacin loo 320 220 



The data in Table VI above show that the treated grafts, in confa^st with the control grafts, exhibited 
low bacterial growth when tested after a week of in vivo canine blood circulation. 

30 (G) Additional in vivo experiments were run to detenmine the long-term stability and antibaderial efficacy 
of PTFE vascular grafts bonded with a variety of antimicrobial agents in rat musde pouch. 

Sprague-Dawley rats that weighed 220-250 gm were housed in individual cages. At operation a 2 cm 
incision was made in the medial aspect of the thigh and a pouch was created by blunt dissection in the 
abductor muscle. Sbc segments (2 cm length) of PTFE graft, one in each group were then placed in the mus- 

35 cular pouch and infected with 0.1 ml of Staph, aureus culture containing 10^ bacteria. After one week, the 
grafts were removed and bacterial counts were determined as hereinabove. The results are shown in Table 
VIIA below wherein the control graft did not contain an antimicrobiat agent ; the oxacillin, norfloxacin, pef- 
loxacin and tobramycin grafts were prepared by the bonding procedure of Example 2 ; and the silver oxacil- 
lin, silver norfloxacin and silver pefloxadn grafts were prepared by the t>onding procedure of Example 1 . 

40 

TABLE VIIA 

£££HE No> of Bacteria Colonies 





Graft 


Graft-Bed 


Control Graft 


100,000 


100,000 


Oxacillin Graft 


10 


20 


Silver Oxacillin Graft 


15 


30 


Norfloxacin Graft 


20 


50 


Silver Norfloxacin Graft 


10 


25 


Pefloxacin Graft 


0 


0 


Silver Pefloxacin Graft 


0 


0 


Tobramycin Graft 


0 


0 
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The data in Table VilA above show that the grafts treated with a variety of antimicrobial agents and 
silver salts thereof, unlike the control graft, were able to suppress bacterial growth in this in vivo rat exper- 
iment 

The data In Table VlIB below show the drug retention in PTFE vascular grafts retrieved from an unin- 
fected rat muscle pouch after 1-5 days of implantation. The oxadilin and pefioxadn grafts were prepared 
by the bonding procedure of Example 2, while the silver oxacillin and silver pefloxacin grafts were prepared 
by the bonding procedure of Example 1. 

IMHE VIIB 

Drug Ketentim 
Expressefl as Antitwrtprieil tetivity 

(No* of colonies in culture and zones of inhibition) 



Days of 
Inplajitation •*■ 


1 




2 




3 




4 




5 




Drug in Graft 






















OKacillin 


0 


(37) 


0 


(35) 


0 


(30) 


10^ 


(23) 




( 0) 


Silver ODcacillin 


0 


(37) 


0 


(35) 


0 


(28) 


10^ 


(33) 


102 


(17) 


Peflosacin 


0 


(3B) 


0 


(35) 


0 


(33) 


10^ 


(33) 


10^ 


(14) 


Silver Pef Icscacih 


0 


(38) 


0 


(35) 


0 


(34) 


0 


(35) 


2x1 0^ 


(30) 



Figures in brackets are zones of inhibition 

In Table VIIB above, the figures in parentheses are zones of inhibition in mm. After various intervals of 
implantation in the rat muscle pouch, the grafts were retrieved and the antibacterial activity tested against 
10^ Staph, aureus grown in 5 ml blood. The zone of inhibition was measured against 10* Staph, aureus 
spread on blood agar plate. 

(H) Silver norfloxacin (AgNF) and silver pefloxacin (AgPF) were bonded to two types of Foley catheters 
by the method of the present invention. 

8 mm pieces of catheter were soaked for 3 minutes in 30 mM pefloxacin or norfloxacin solution in a 1: 
25 by volume mbcture of acetic acid and chlorofonn. After removal, they were air dried for 10 minutes and 
soaked in 25 mM silver nitrate solution in ethanol for 5 minutes. After air drying, the catheters were resoaked 
in the original pefloxacin or norfloxacin solution for 3 minutes. The pieces were air dried and tested for anti- 
bacterial activity as hereinabove. 2 cm pieces were suspended in urine containing 10* bacteria. The results 
are shown in Table VIII below. 



Silicone Elastcmer Catheter 



Drug in 
2 cm Piece 
y mole (mg) 



0.8 (0.22) 
AgPF 1.0 (0.3) 



Colony Ccxmts 

in Qiltxare 
Staph, 
aureus 



Ps. 
aer. 

0 

0 



Untreated Control 10^ 10^ 



Hydrophilic Latex Catheter 



Drug iJt 
2 cm Piece 
U mole (rog) 



Colony Counts 
in Culture 



aureus 



0.9 (0.28) 

AgfPF 1.0 (0.45) 
Untreated Control 



lO** 



Ps. 

aer. 



10" 
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The data in Table Vlli above show that the method of the present invention can be used satisfactonly 
In imparting infection resistance to catheters made of different polymeric materials. 

(I) Silver sulfadiazine was incorporated into sutures (Ethicon-Black braided sDk and 0 Dexon Polyg- 
lycolic) using the following procedure. 

5 2 ml of 300 mM sodium sulfadiazine were mbced with 6 ml ethanol and 2 ml chloroform (final cone, of 
sodium sulfadiazine 60 \i mole/ml). 60 cm pieces of the suture were soaked In the above solution for 30 
minutes, removed, blotted dry and soaked In an ethanolic solution of stiver nitrate (50 \i mote/ml) for 5 
minutes. After removing and blotting off excess fluid, the suture was resoaked in the original sodium sul- 
fadiazine solution for 30 minutes. The suture was dried and tested for drug content and antibacterial acthn'ty 

10 against 10^ organism in 5 ml broth. The results are shown in Table IX below. 



RBLE DC 

^ AntdbacteriAl teUvitv 

Su^n^yfr u ffPle (ipg) Ps. aeroqjjiosa Staph ^aureos 

Silk (25cn) 1-1 (0*4) Bacteriocidal- Bacteriocidal 

Polyglycolic (25cm) 1.7 (0.6) Bacteriocidal Baczcriocidal 
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20 



The data in Table IX above further show that the method of the present invention can also be used satis- 
25 factoriiy in imparting infection-resistance to sutures made of different polymeric materials. 

(J) Table X below shows the in vivo antibacterial efficacy of Dacron® polyester grafts bonded with vari- 
ous antibiotics and prepared by the modified procedure of Example 6. These Dacron(& polyester grafts seem 
to bind more antibiotic than the PTFE graft (See Table I) and also exhibit high antibacterial activity. 

30 

TRSLS X 

Xatibactsrial 

35 Activity in 

Drue Concsntraticn Blooc Culture 
Graf -IS Sendee vith (u mGle/2 g craft) (Colony Count) 

None (Control) 0 lO' 



40 



45 



50 



Norfloxacin 8-0 0 

Silver Norfloxacin 12.0 0 

Oxacillin 10-0 0 

Silver Oxacillin 15*0 0 



In Table X above, a 1 cm segment of the Dacron(g) polyester graft was soaked in 5 ml blood containing 
Staph, aureus (10^ organisms) and inoculated at 37''C. for 24 to 48 hours. Bacterial growth in the blood 
culture was measured by plating 0.2 ml aliquot of culture on blood agar plate. 



Clalnns 

1. A method of preparing an infection-resistant polymeric material for use on or within a human or animal 
55 body which comprises the followng sequence of steps : 

(a) soaking a polymeric material with a solution of an antimicrobial agentdissolved in an organic solvent 
therefor, 

(b) soaking the polymeric material with an organic solvent for a metal salt wich metal salt, if present. 

17 
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react with the antimjcrobial agent to fonn a metat-mediated antimicnobia] agent, 

(c) resoaking the polymeric nnaterial with the solution of the antimicrobial agent dissolved in the organic 
solvent therefor, and 

(d) drying the polymeric material after each soaking step. 

5 2. A method according to daim 1 wherein in step (b) said organic solvent contains a metal salt dissolved 
therein. 

3. A method according to daim 1 or daim 2 wherein the metal of the metal salt is selected from sOver, 
zinc and cerium. 

4. A method according to daim 3 wherein said metal is sOver. 

10 5. A method according to any one of the preceding dalms wherein said antimicrobial agent is 
norfloxacin, oxacillin, nafcillin, sulfadiazine, pefloxacin, or tobramycin. 

6. A method according to any one of the preceding claims wherein said polymeric material is polytet- 
rafluoroethylene, a polyester, a silicone elastomer, or silk. 

7. A method acording to any one of Claims 1 to 5 wherein the polymeric material is a pdyester and the 
15 polymeric material is resoaked with the solution of the antimicrobial agent dissolved in the organic solvent 

therefor which contains pdylactic acid in an amount up to 5% by weight of the sdution. 

Anspruche 

20 

1. Verfahren zum Herstellen eines infektionsbestandlgen polymeren Materials zur Anwendung auf ei- 
nem oder innerhalb eines menschlichen oder tierischen K6rper(s) mit der folgenden Abfdge von Verfah- 
rensschritten : 

(a) Tranken eines polymeren Materials mit einer Losung eines antimikrobieilen Mittels, welches in ei- 
25 nem organischen Ldsemittel dafur gel5st ist, 

(b) Tranken des polymeren Materials mit einem organischen Ldsemittel fur ein Metallsalz, wobei das 
Metallsalz, fails vorhanden, mit dem antimikrobieilen Mittei reagiert, urn ein metallvenmitteltes antimi- 
krobielles Mittei zu bilden. 

(c) emeutes Tranken des polymeren Materials mit der Losung des antimikrobieilen Mittels, welches in 
30 dem organischen Ldsemittel dafur gelost ist, und 

(d) Trocknen des polymeren Materials nach jedem TrankschritL 

2. Verfahren nach Anspmch 1, wobei In Schritt (b) das organische Losemittel ein darin geldstes Metall- 
salz enthalt 

3. Verfahren nach Anspruch 1 oder 2, wobei das Metall des Metallsalzes aus Silber, Zink und Cer aus- 
35 gewahltwird. 

4. Verfiahren nach Anspruch 3, wobei das Metall Silber Ist 

5. Verfahren nach einem beliebigen der vorhergehenden Anspruche, wobei das antimikrobielle Mittei 
Norfloxacin, Oxacillin, Nafcillin, Suifadiazin, Pefloxadn oder Tobramycin ist 

6. Verfafren nach einem beliebigen dervorhergehenden Anspruche, wobei das polymere Material Poty- 
40 tetrafluorethylen, ein Polyester, ein Silicon-Elastomer oder Seide ist 

7. Verfahren nach einem beliebigen der Anspruche 1 bis 5, wobei das polymere Material ein Polyester 
ist und das polymere Material emeut getrankt wird mit der Losung eines antimikrobieilen Mittels, welches 
In einem organischen Ldsemittel dafur gelost ist, welches Polymilchsaure in einer Menge von bis 5 Gew.-% 
der L5sung enthalt 

45 

Revendicatlons 

1. Proc§d§ de preparation d'un mat6riau polymfere resistant aux contaminations pour rutillsation sur 
50 ou dans un corps animal ou humain qui comprend les sequences d'^tapes suivantes : t 

(a) le trempage d'un mat^riau polymere avec une solution d'un agent antimk:robien dissous dans un 
solvant organ ique, 

(b) le trempage du mat^riau polym&re avec un solvant organique pour un sel m§talfique lequel sel 
m6ta!lique, s'il est present r6agit avec i'agent antimlcrobien pour former un agent antimicrobien qui est 

55 influx par le m^tal, 

(c) le trempage d nouveau du mat^riau polym&re avec la solution de Pagent antimicrobien dissous dans 
le solvant organique, et 

(d) le s^chage du mat6riau polymere aprte cheque 6tape de trempage. 
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2. Proc6d6 selon la revendication 1 oO I'^tape (b) dudit solvent organique contient un sel m^tallique 
qui y est dissous. 

3. Proc6d6 selon la ravendication 1 ou 2 oCi le m^tai du sel m§tailique est choisi pannl Targent, le zinc 
et le cerium. 

4. Proc^d selon la revendication 3 oD ledlt m^tal est de Targent 

5. Proc6d6 selon Tune quelconque des pr6c§dentes revendications oii ledlt agent antimlCTobien est de 
la norfloxadne, de V oxacilline, de la nafcOiine, de la sulfadiazine, de la pSfloxacine ou de la tobramycine. 

6. Proc^d6 selon Tune quelconque des pr§c6dentes revendications oO ledit mat§riau polym^re est du 
polyt§trafluorodthyl&ne. un polyester, un 61astoni§re de silicone ou de la sole. 

7. Proc^^ selon V une quelconque des revendications 1 d 5 oCi le mat^riau polym^re est un polyester 
et le ntatSriau polym§re est tremp6 d nouveau avec la solution de I* agent antimicroblen dissous dans le 
solvent organique de ce!ui-ci qui contient un acide poiylactique dans une quantit6 jusqu*3i 5% en poids de 
la solution. 
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